Objective Coronary spasm plays an important role in the pathogenesis of coronary heart disease (CHD) and angina pectoris caused by coronary spasm or coronary spastic angina (CSA) is prevalent in Japan. However, the precise mechanisms underlying coronary spasm are unclear. Alcohol intolerance is prevalent among East Asians, and we previously reported that coronary spasm could be induced by alcohol intake in CSA patients. We herein examined whether CSA is associated with alcohol intolerance in Japanese subjects. Methods The study subjects consisted of 80 CSA patients (57 men/ 23 women, mean age 62±12) and 52 non-CSA patients (25 men/27 women, mean age 63±10). The ethanol patch test (EPT) and questionnaire which evaluates flushing after ethanol intake, along with an examination of clinical features and laboratory chemistry data for CHD risk factors were done. Gender (male) and smoking were higher (p=0.007, and p= 0.019, respectively) and plasma HDL cholesterol level was lower (p=0.035) in the CSA patients than in the non-CSA patients. Multivariable logistic regression analysis including age, EPT, smoking, and plasma HDL cholesterol level as independent variables revealed that positive EPT and smoking were significant predictors of CSA (p=0.011 and p=0.016, respectively). Conclusion Positive EPT and alcohol flushing following alcohol intake, as well as smoking and plasma levels of HDL cholesterol, were significantly associated with CSA in Japanese patients. Therefore, alcohol ingestion as well as smoking is a significant risk factor for CSA in Japanese.
Introduction
Coronary artery spasm plays an important role in the pathogenesis of coronary heart disease (CHD), including unstable angina, acute myocardial infarction and sudden cardiac death (1, 2) . Coronary spastic angina (CSA) or angina pectoris caused by coronary artery spasm is prevalent among the East Asian populations, including Japanese (1-3). Ethanol is metabolized first to acetaldehyde by alcohol dehydrogenase (ADH) and then to acetic acid by acetaldehyde dehydrogenase 2 (ALDH2) (4) . East Asians have been shown to have a mutation of the ALDH2*2 gene that leads to a reduced activity and intolerance to alcohol (ethanol) ingestion in about half of the population (5) (6) (7) (8) . We and others have reported that CSA is induced by alcohol ingestion, particularly in those who have alcohol flushing upon alcohol intake (9) (10) (11) . However, the relationship between alcohol intake and CSA has not been elucidated. Recent studies have shown that the ethanol (alcohol) patch test (EPT) is a sensitive marker of the Asian type of ALDH2*2 polymorphism (12) (13) (14) . We designed the present study to examine the relationship between the ALDH2*2 polymorphism and CSA by using the EPT and questionnaires on alcohol intake.
Materials and Methods

Study subjects
The study subjects consisted of 132 patients (82 men with a mean age of 66.3±10.9, and 50 women with a mean age of 67.4±10.0) who were admitted to our institution between January, 2010 and April 2013, and in whom coronary angiography and intracoronary injection of acetylcholine (ACh) were performed on suspicion of coronary spastic angina. Eighty patients (57 men and 23 women, mean age 62±12) were diagnosed as CSA on the basis of angiographically documented coronary spasm and the remaining 52 patients (25 men and 27 women, mean age 63±10) who had no coronary spasm induced served as the controls. Patients with acute myocardial infarction, organic stenosis of ! 90%, multivessel organic disease, left main trunk lesion, myocardial infarction, uncontrolled arrhythmias, heart failure, resting hypertension >180/110 mmHg, acute systemic illness, hepatic or renal insufficiency or other severe conditions were excluded from the study. All vasoactive medications including calcium channel blockers, beta-receptor blockers, angiotensin converting enzyme inhibitors, and angiotensin II receptors blockers were withdrawn for at least three days before performing angiography except for nitroglycerin used for attacks. The study was approved by the ethics committee of our institution and written informed consent was obtained from each patient.
Angiographic documentation of coronary spasm
All anti-angina drugs were discontinued for at least 72 hours except for sublingual nitroglycerin, which was also withdrawn eight hours before coronary angiography. Coronary spasm was defined as an abnormal contraction of an epicardial coronary artery associated with transient ischemic changes on electrocardiogram (ECG) and chest discomfort. Coronary spasm was documented by the intracoronary injection of ACh (Daiichi-Sankyo Co., Tokyo, Japan) after diagnostic catheterization in the morning. The details of the method have been reported previously (15) . Briefly, ACh was injected in incremental doses of 20, 50 and 100 μg into the left coronary artery, and then 20 and, 50 μg into the right coronary artery under continuous monitoring of 12 lead ECG and blood pressure. Finally, nitroglycerin or isosorbide dinitrate was infused to relieve spasm and examine organic lesions. Significant organic coronary stenosis was defined >50% luminal diameter and coronary artery disease was divided into one vessel, two vessel and three vessel disease.
Ethanol patch test
All patients refrained from the ingestion of alcohol for at least 12 hours before the EPT. The test was performed using a lucent patch of water-containing gel containing 14% ethanol attached to polyolefin-film that measured 11 mm ×11 mm ×100 μm (Alcohol Constitution Test Patch, Life Care Giken Co., Toyama, Japan) (16) . The patch was attached to the inner surface of the upper arm for 20 minutes and then removed. A patch area showing erythema after removal was judged to be positive. The judgment was made by one of the medical staff blinded to the results of the coronary angiograms and questionnaire.
Questionnaire survey
The subjects were asked to fill out a simple questionnaire concerning alcohol flushing on alcohol intake, alcohol drinking habit, and smoking. The flushing questions consisted of "always flushing", "former or sometimes flushing", and "never flushing". "Always flushing" and "former or sometimes flushing" combined were designated as positive and "never flushing" as negative for flushing. Smokers were defined as current and former smokers.
Blood chemistry measurements
Blood samples for measurement of clinical chemistry and other data were collected after an overnight fast with the patients in the supine position. The biochemical and other analyses were done using standard laboratory procedures.
Statistical analysis
The data were expressed as the mean ± SD or median (25 th, 75th percentile) for continuous variables and differences within the group were evaluated with unpaired t-test or the Mann-Whitney rank sum test. For discrete variables, the data were expressed as counts and percentages and analyzed with the Chi square test. The correlation between the variables was assessed using Spearman's rank correlation coefficient. Variables that were not statistically significant (i.e., p> 0.05) were excluded from further analyses. A multiple logistic regression analysis was performed to determine the contribution of various clinical variables to CSA. Predictor variables were included on the basis of theoretical grounds and the results of a bivariate analysis. A two-tailed value of p< 0.05 was considered to be as statistically significant. The analyses were done using the STATA software program (STATA 11.0, STATA Corp., College Station, TX, U.S.A.).
Results
Sixty five of the 80 (81.3%) CSA patients and 46 of the 52 (88.5%) non-CSA patients had no significant organic coronary stenosis. Thus, the majority of the study subjects had no significant organic stenosis in the coronary arteries, and there was no significant difference in the prevalence of organic stenosis between the two groups. Table 1 shows the clinical characteristics of the CSA and non-CSA groups. There were no significant differences in the age, body mass index, blood pressure, or plasma levels of albumin, LDL cholesterol, triglycerides, blood glucose, and C-reactive protein between the two groups. However, male gender, smoker and plasma uric acid levels were sig- nificantly higher (p=0.007, p=0.019, and p=0.007, respectively) and the plasma levels of HDL cholesterol were significantly lower (p=0.035) in the CSA group. The rate of positive EPT and alcohol flushing were significantly higher (p=0.008 and p=0.041, respectively) in the CSA group (Table 1 and Figure) . However, there was no significant difference in the proportion of habitual alcohol drinkers between the two groups ( Table 1 ). This may be explained by the fact that alcohol drinking is influenced by social and cultural factors in Japanese society, especially for men. A Spearman's rank correlation analysis revealed that gender (men), smoking, EPT, facial flushing, the plasma levels of HDLcholesterol and the level of uric acid were significantly associated with CSA (r=0.202, p=0.025, r=0.194, p=0.031, r= 0.254, p=0.005, r=0.199, p=0.028, r=-0.178, p=0.049 and r= 0.266, p=0.003, respectively). The multiple logistic regression analyses for the predictors of CSA were then performed and included coronary risk factors as independent variables. The variables were sequentially deleted from the models on the basis of theoretical and clinical grounds and weak associations, leaving age, gender, smoking, EPT, uric acid and HDL-cholesterol levels in this model. The analysis revealed that EPT was significant predictors of CSA (p= 0.011) (model 1, Table 2 ). However, smoking, a well-known risk factor for CSA, did not reach the significant level (p= 0.099) probably because gender and uric acid were closely association with smoking (gender vs. smoking, r=0.566, p< 0.0001 and gender vs. uric acid, r=0.343, p=0.0001, respectively). Accordingly, gender and uric acid were excluded from the final analysis (model 2). The analysis then revealed that a positive EPT and smoking were significant predictors of CSA (p=0.011 and p=0.016, respectively) in this model (model 2, Table 3 ). The sensitivity and specificity for the detection of CSA were 50.0% and 73.1% for EPT and 48.8% and 69.2% for alcohol flushing, respectively.
Discussion
Coronary spasm plays an important role in the pathogenesis of CHD, and its prevalence is especially high in East Asians, including the Japanese population (1, 2, 17, 18 ). About half of East Asians show rapid and intense alcohol flushing after drinking alcohol in the amount that has no effect on Caucasians (6-8). We and others have shown that CSA could be induced by alcohol ingestion (9) (10) (11) .
Ethanol (alcohol) is metabolized largely by sequential hepatic oxidation, first to acetaldehyde by ADH and then to acetic acid by ALDH2 (4). About half of East Asians including Japanese have a common ALDH2*2 mutant phenotype, which results in a deficient enzymatic activity and subjects with this mutant ALDH2*2 exhibit the characteristic acetaldehyde-induced alcohol flushing when drinking alcohol (6) (7) (8) . ALDH2 is ubiquitously expressed throughout the body, including the skin (19) , and the skin -patch ethanol is converted into acetaldehyde. The EPT has been shown to be a useful marker for the presence of an ALDH2*2 mutation (8, 13, 14) .
In the present study, we performed the EPT, together with the questionnaire on flushing after alcohol ingestion, as a surrogate marker for alcohol intolerance. The results showed that the rate of positive EPT and alcohol flushing after alcohol ingestion were higher in the CSA patients than non-CSA patients, indicating that CSA patients had a significantly association with alcohol intolerance. The multivariable logistic regression analysis revealed that positive EPT was a significant independent predictor of CSA. Smoking, a well-known risk factor for CSA (1, 2), did not reach the significant level in this study probably because of its close association with gender and the uric acid level. However, smoking became a significant predictor of CSA when gender and uric acid were excluded from the model in the final analysis.
We have shown that CSA patients have high levels of oxidative stress and endothelial dysfunction (1). ALDH2 plays a key role in the oxidation of various toxic aldehydes as well as acetaldehyde and also protects the myocardium during ischemia (20) . In addition, it plays a crucial role in the treatment of myocardial ischemia by converting nitrates to NO and suppressing nitrate tolerance (21) . Recent epidemiological studies showed that mutant ALDH2*2 is a significant risk factor for acute myocardial infarction in Japan (22, 23) and South Korea (24) . It is thus reasonable to speculate that CSA is prevalent in East Asians partly because of its association with mutant ALDH2*2. Further studies are required to elucidate this interesting and important problem.
Clinical implications
The results of this study show that alcohol intolerance is associated with CSA in Japanese. Unexpectedly, there was no significant difference in the proportion of habitual alcohol drinkers between the CSA and non-CSA groups. This may be explained by the fact that alcohol drinking is influenced by social and cultural factors in the Japanese society, especially in men. It is therefore recommended that the patients with CSA, particularly those with alcohol intolerance, should abstain from drinking alcohol, as well as smoking, in order to prevent the onset of CSA. However, the sensitivity of EPT for CSA was not high in this study and we do not recommend this test for the screening and/or diagnosis of CSA. It is also to be noted that there may be some patients with CSA whose attack may be relieved by ingestion of small amounts of alcohol because small amounts of alcohol may enhance endothelial nitric oxide activity thereby leading to vasodilatation (25, 26) .
Limitations
We did not examine the genetic polymorphisms of ALDH2 in the present study. However, several previous studies have shown that facial flushing after alcohol drinking and/or the EPT are closely associated with ALDH2*2 (8, 13, 14) , and further studies are required. The sensitivity and specificity of the EPT and the questionnaire for the detection of CSA in the present study were not so high probably because the concentration of alcohol in the patch was low compared with those of the previous studies for the detection of the mutant ALDH2*2 (8, 13, 14) . However, the purpose of this study was to examine the association of CSA with alcohol ingestion, not to examine the sensitivity and specificity of the EPT or alcohol flushing after alcohol intake for the detection of CSA.
Conclusion
We conclude that the EPT and alcohol flushing are significantly associated with CSA in Japanese patients and therefore CSA patients with alcohol flushing should abstain from alcohol drinking as well as smoking.
